A novel actinomycete (strain HNM0071 T ) was isolated from an unidentified marine sponge collected from the coast of Sanya City, PR China and its taxonomic position was investigated.
Marine sponges have gained significance as a rich source of diverse actinomycetes and at the time of writing there are more than 60 sponge-derived genera of actinomycetes with validly published names (Abdelmohsen et al., 2014) . In the List of Prokaryotic names with Standing in the Nomenclature (http://www.bacterio.net), 14 novel species of 10 genera of actinomycetes from marine sponges are cited, at the time of writing, including Actinoalloteichus hymeniacidonis (Zhang et al., 2006) , Actinokineospora spheciospongiae (Kämpfer et al., 2015) , Marmoricola aquaticus (de Menezes et al., 2015) , Micromonospora yangpuensis (Zhang et al., 2012) , Mycobacterium poriferae (Padgitt & Moshier, 1987) , Rubrobacter aplysinae (Kämpfer et al., 2014) , Saccharopolyspora cebuensis (Pimentel-Elardo et al., 2008) , Streptomyces axinellae (Pimentel-Elardo et al., 2009) , Streptomyces spongiae (Khan et al., 2011) , Streptomyces tateyamensis, Streptomyces marinus, Streptomyces haliclonae (Khan et al., 2010) , Tsukamurella spongiae (Olson et al., 2007) and Verrucosispora andamanensis (Supong et al., 2013) . Therefore, marine sponges are a good habitat for novel species of actinomycete. During a study of culturable actinobacteria from sponges, strain HNM0071 T was isolated from an unidentified sponge (SP-6; Fig. S1 , available in the online Supplementary Material) and characterized using a polyphasic taxonomic approach. The resulting data revealed that the marine sponge-derived actinomycetous strain, HNM0071 T , represents a novel species of the genus Streptomyces.
The sponge, SP-6 (Fig. S1 ), was collected in May 2011 from the coast of Sanya City, Hainan province of PR China and was transferred to the laboratory at room temperature within 4 h of collection. The sponge sample was then rinsed with sterile seawater, cut into tiny pieces with sterile scissors and macerated in sterile seawater using a pestle and mortar. The resulting homogenates were spread on starch casein nitrate agar (Küster & Williams, 1964) plates prepared with 50 % (v/v) seawater and supplemented with actidione (50 mg ml 21 ), nystatin (50 mg ml 21 ) and nalidixic acid (20 mg ml 21 ). Strain HNM0071 T was isolated after 14 days incubation at 28 8C and purified on ISP2 medium (Shirling & Gottlieb, 1966) prepared with 50 % (v/v) seawater. The actinomycete isolate was then grown on ISP3 agar medium (Shirling & Gottlieb, 1966) at 28 8C for 21 days and observed using light microscopy (Nikon; 80i) and scanning electron microscopy (Zeiss; EVO18). Threeweek-old cultures of strain HNM0071
T on various agar media at 28 8C were used to test its growth characteristics. Colony colours were determined according to ISCC-NBS colour charts (Kelly, 1964) . The phenotypic characteristics of strain HNM0071
T and its closest phylogenetic neighbours were examined according to several standard methods. Growth at different temperatures (4, 15, 20, 25, 28, 37, 40, 45 and 50 8C) and at pH 4.0-12.0 (at intervals of 1.0 pH unit) were determined on ISP2 agar medium. Growth in the presence of 0-10 % (w/v) NaCl (at intervals of 1 % NaCl) were determined on liquid ISP2 medium (Shirling & Gottlieb, 1966) after incubation for 7-14 days at 28 8C. Gelatin liquefaction, cellulose degradation and starch hydrolysis were determined together using well-established procedures (Williams & Cross, 1971; Arai, 1975) . Carbonsource utilization was tested according to the methods of Shirling & Gottlieb (1966) . The utilization of amino acids as sole nitrogen sources was assessed as described by Williams et al. (1983) . Susceptibility to antibiotics was tested according to the method of Zhang et al. (2013) ) and tobramycin (10 mg ml 21 ).
The biomass used for chemotaxonomic analyses was obtained by culturing strain HNM0071 T in ISP2 broth for 4-6 days at 28 8C; cells were harvested by centrifugation, washed twice in distilled water, recentrifuged and freeze-dried. Amino acids and sugars in whole-cell hydrolysates were analysed by the methods of Lechevalier & Lechevalier (1980) . Phospholipids were analysed and menaquinones were extracted and purified (Minnikin et al., 1984) . Menaquinones were analysed by reversedphase HPLC on an YMC ODS-A (15064.6 mm) column. Extraction and analysis of fatty acids were carried out according to the standard procedures of the MIDI system (http://www.midi-inc.com). Chromosomal DNA was extracted (Pospiech & Neumann, 1995) and the DNA G+C content of strain HNM0071
T was determined by the HPLC method (Mesbah et al., 1989) .
Genomic DNA preparation, PCR amplification and sequencing of the 16S rRNA gene were performed using the methods described by Huang et al. (2012) . The identification of phylogenetic neighbours was initially carried out by the BLASTN (Altschul et al. 1997) program against the database containing type strains with validly published prokaryotic names and representatives of uncultured phylotypes (Kim et al., 2012) . The top twenty sequences with the highest scores were then selected for the calculation of pairwise sequence similarities using the global alignment algorithm (Myers & Miller, 1988) , which was implemented at the EzTaxon server (http://www.ezbiocloud.net/eztaxon; Kim et al., 2012) . The 16S rRNA gene sequence of strain HNM0071
T was multiply aligned with that of closely related species selected using the CLUSTAL_X 1.8 software (Thompson et al., 1997) . Phylogenetic trees were generated by the neighbour-joining (NJ) (Saitou & Nei, 1987) , maximum-parsimony (MP) (Kluge & Farris, 1969) , maximum-likelihood (ML) (Felsenstein, 1981) and minimum-evolution (ME) (Kimura, 1980) methods using the MEGA 6.0 program (Tamura et al., 2013) . The complete deletion option was used and bootstrap analysis with 1000 replicates was also conducted in order to estimate the confidence levels of tree topologies (Felsenstein, 1985) . Actinomadura madurae ATCC 19425 T (X97889) was used as an out-group. In addition, Kimura's two-parameter model was chosen for NJ, ML and ME analysis (Kimura, 1980) . For the ML analysis, a nearest-neighbour-interchange search was used. Likewise for the MP analysis, a heuristic search was used and subtree-pruning-regrafting was chosen. DNA-DNA hybridization of strain HNM0071
T with its closest neighbour (Streptomyces wuyuanensis FX61 T ) was carried out using the optical renaturation method (De Ley et al., 1970; Huss et al., 1983) . Streptomyces spongiicola sp. nov.
Morphological observations of a 21 day-old culture of strain HNM0071 T grown on ISP3 agar medium revealed that both aerial and vegetative hyphae were well developed without fragmentation. The aerial mycelia produced long spore chains and were spiral in nature (Fig. 1) . Strain HNM0071
T grew well on all of the media tested. Aerial mycelia were produced on ISP2, ISP3 and Czapek's agar but none were formed on the remaining media tested (Table 1) . Melanoid pigments were produced on ISP 7 agar, but no diffusible pigment was detected on the remaining media tested. Strain HNM0071
T could survive at pH 6.0-10.0 (optimum pH 8.0), at 20-40 8C (optimum 28 8C) and with 0-5 % (w/v) NaCl (optimum 0 %).
Strain HNM0071
T contained LL-diaminopimelic acid as the major diamino acid in the cell-wall peptidoglycan with no characteristic sugar pattern, which was indicative of cellwall type I (Lechevalier & Lechevalier, 1970) . The wholecell hydrolysates consisted of glucose, galactose and traces of mannose. Phospholipid analysis revealed that the predominant phospholipids were diphosphatidylglycerol, phosphatidylglycerol and phosphatidylethanolamine. Four unidentified phospholipids were also detected (Fig. S2) . The major menaquinones were MK-9(H 6 ) (65.6 %), MK-9(H 4 ) (23.8 %) and MK-9(H 8 ) (10.6 %). The major 
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Streptomyces luteosporeus . Asterisks indicate that the conserved branches were also recovered using the maximum-parsimony (Kluge & Farris, 1969) , maximum-likelihood (Felsenstein, 1981) and minimum-evolution (Kimura, 1980) cellular fatty acids were anteiso-C 15 : 0 (25.5 %), iso-C 16 : 0 (19.5 %), iso-C 15 : 0 (15.4 %), anteiso-C 17 : 0 (6.9 %), iso-C 17 : 1 v9c (5.8 %), and iso-C 14 : 0 (4.3 %). The G+C content of the DNA was 69.8 mol%. It was evident that the morphological and chemical features of strain HNM0071 T were consistent with its assignment to the genus Streptomyces (Williams et al., 1989; Manfio, 1995) .
The almost-complete 16S rRNA gene sequence of strain HNM0071 T (1438 nt) was compared with those of closely related type strains retrieved from GenBank/EMBL/DDBJ. Strain HNM0071
T shared similarities of above 96 % with 16S rRNA gene sequences of Streptomyces wuyuanensis T among the type strains of closely related species of the genus Streptomyces is shown in Fig. 2 . Strain HNM0071
T formed a distinct phyletic line with S. wuyuanensis FX61 T (Zhang et al., 2013) with a high bootstrap value (88 %). This was also supported by the other tree-making algorithms (MP, ML and ME) (Figs S3-S5 ).
The characteristics shown in Table 2 clearly reveal that strain HNM0071
T possesses a phenotypic profile that is T and S. wuyuanensis FX61 T was 25.0¡1.8 % (mean¡SD of triplicate determinations), which was significantly below the 70 % threshold value for the recognition of genomic species (Stackebrandt & Goebel, 1994) . Thus, these phenotypic and genotypic data reveal that strain HNM0071
T represents a novel species of the genus Streptomyces and its name is proposed as Streptomyces spongiicola sp. nov. Gram-stain-positive, aerobic, non-motile actinomycete with branching substrate and aerial mycelia that differentiate into spiral spore chains at maturity. Grows well on all ISP media. Melanoid pigments are formed on ISP 7 agar. Growth occurs between 20 and 40 uC with optimum growth at 28 uC. The pH range for growth is 6.0-10.0 and the optimum pH for growth is 8.0. The salinity range for growth is 0-5 % (w/v) NaCl, with the optimum 0 %. Starch is hydrolysed, but cellulose and gelatin are not. D-Glucose, D-galactose, fructose, ribose and sucrose are utilized as the sole source of carbon, but L-arabinose, D-xylose, myo-inositol, raffinose, mannitol or a-L-rhamnose are not. Adenine, glycine, L-alanine, L-arginine, L-asparagine, L-leucine, L-lysine and Lvaline are utilized as the sole source of carbon, but not hypoxanthine, L-phenylalanine, L-tryptophan or L-tyrosine. Sensitive to filter-paper discs soaked in the following antibiotics: gentamicin, kanamycin, nalidixic acid, rifampicin, streptomycin, tetracycline and tobramycin, but not to chloramphenicol, novobiocin, penicillin G or sulfamethoxazole. The cell wall contains LL-diaminopimelic acid and is type I. The phospholipid profile consists of diphosphatidylglycerol, phosphatidylglycerol, phosphatidylethanolamine and four unidentified phospholipids. The major cellular fatty acids are anteiso-C 15 : 0 , iso-C 16 : 0 , iso-C 15 : 0 , anteiso-C 17 : 0 , iso-C 17 : 1 v9c, and iso-C 14 : 0 . The predominant menaquinones are MK-9 (H 6 ), MK-9 (H 4 ) and MK-9 (H 8 ).
Description of
The type strain, HNM0071
T (5CCTCCAA2015018 T 5KCTC 39604 T ), was isolated from a marine sponge collected from the coast of Sanya City, PR China. The DNA G+C content of the type strain is 69.8 mol%.
